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Greater prevalence of seropositivity for 
anti-cyclic citrullinated peptide antibody in 
unaffected first-degree relatives in multicase 
rheumatoid arthritis-affected families 

Seong-Kyu Kim 1 , Jisuk Bae 2 , Hwajeong Lee 1 , Ji Hun Kim 1 , Sung-Hoon Park 1 , and Jung-Yoon Choe 1 

Background/Aims: This study determined the prevalence and determinants of 
seropositivity for rheumatoid factor (RF), anti- cyclic citrullinated peptide (anti- 
CCP) antibody, and anti-mutated citrullinated vimentin (anti-MCV) antibody in 
unaffected first- degree relatives (FDRs) of rheumatoid arthritis (RA) patients. 
Methods: A total of 337 subjects (135 with RA and 202 FDRs) were enrolled in this 
case- control study. Serum RF, anti-CCP antibody, and anti-MCV antibody were 
assayed. Subjects in multicase families (> 2 affected FDRs within the same family) 
were identified. Multivariate logistic regression analysis was used to identify risk 
factors associated with RA-related autoantibodies. 

Results: Seropositivity for RF, anti-CCP antibody, or anti-MCV antibody was 
detected in 14.4%, 5.0%, or 13.4% of unaffected FDRs, respectively. Anti-CCP anti- 
body seropositivity was more prevalent in FDRs in multicase families (17.8%) than 
in those not in multicase families (1.3%, p < 0.0001). Significant correlations be- 
tween RA-associated autoantibodies were detected in the FDR group (between RF 
and anti-CCP antibody: r = 0.366, p < 0.0001; between RF and anti-MCV antibody: 
r = 0.343, p < 0.0001; and between anti-CCP antibody and anti-MCV antibody: r = 
0.849, P < 0.0001). After adjustment for age and sex, anti-CCP antibody seroposi- 
tivity in FDRs was significantly associated with being in a multicase family (odds 
ratio, 49.8; 95% confidence interval, 5.6 to 441.6). 

Conclusions: The association between anti-CCP antibody seropositivity in unaf- 
fected FDRs and being in a multicase family suggests that genetic and/or envi- 
ronmental factors may increase the risk for RA development in unaffected FDRs. 

Keywords: Rheumatoid arthritis; First- degree relative; Rheumatoid factor; Citrul- 
linated antigen 
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INTRODUCTION 

Rheumatoid arthritis (RA) is a chronic inflammatory 
autoimmune disease characterized by the prolifera- 
tion of synovial lining cells, angiogenesis, and infil- 



tration of mononuclear cells, resulting in joint de- 
struction and functional disability [1,2]. Although the 
pathogenesis of RA has not been clearly determined, it 
is now accepted that the development of RA is closely 
associated with diverse genetic factors such as the hu- 
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man leukocyte antigen (HLA)-DR alleles encoding the 
"shared epitope" and polymorphisms in potent genes, 
including those for protein tyrosine phosphatase, non- 
receptor type 22 (PTPN22), signal transducer and ac- 
tivator of transcription 4 (STAT4), and 6q23, as well as 
environmental factors such as coffee consumption and 
smoking [3-7]. In addition, familial and twin studies 
have suggested that the occurrence of RA has strong 
familial aggregation [8-10]. 

Kolfenbach et al. [11] suggested a model for the de- 
velopment of RA in three serial phases: 1) an initial 
genetic risk phase, 2) pre- clinical autoimmunity, and 
3) clinical disease. Interactions between environmen- 
tal factors and genetic risks lead to asymptomatic and 
pre- clinical autoimmunity characterized by early de- 
tection of RA-related autoantibodies, including rheu- 
matoid factor (RF) and anti- cyclic citrullinated peptide 
antibody (anti-CCP antibody), and markedly increased 
levels of pro -inflammatory markers in susceptible in- 
dividuals. Some investigations have indicated that the 
presence of RF and anti-CCP antibody may precede 
clinically apparent RA by two decades [12-14]. More 
prevalent expression of autoantibodies such as RF, RA- 
associated nuclear antigen, and anti-CCP antibody has 
been reported to occur in unaffected relatives in mul- 
ticase RA families [11,15-17]. To our knowledge, no data 
exist regarding the frequency of anti-mutated citrul- 
linated vimentin antibody (anti-MCV antibody) in un- 
affected relatives of RA patients. Anti-MCV antibody 
has been detected in recent- onset RA and very early 
synovitis [18,19], which suggests its presence prior to 
clinically established RA. 

There is no information regarding the clinical sig- 
nificance of RA-related autoantibodies, including RF, 
anti-CCP antibody, and anti-MCV antibody, or the 
associated risk for development of RA in unaffected 
first-degree relatives (FDRs) of Korean individuals 
with RA. In this study, we investigated the prevalence 
of RF, anti-CCP antibody, and anti-MCV antibody in 
unaffected FDRs of RA patients and identified autoan- 
tibody seropositivity risk factors in FDRs. 

METHODS 

Subjects 

We recruited a total of 337 subjects (135 RA patients and 



202 FDRs from 135 RA families). Enrolled RA patients 
fulfilled the 1987 revised criteria for the classification 
of RA issued by the American College of Rheumatol- 
ogy [20]. FDRs who did not complain of any signs or 
symptoms indicative of inflammatory joint disease 
were identified using a questionnaire and through a 
physical examination performed by a rheumatologist. 
The spectrum of FDRs in our study included parents 
and offspring of RA patients. This study was approved 
by the Institutional Review Board of the Daegu Catho- 
lic University Medical Center. All subjects participat- 
ing in this study gave written informed consent. 

Data collection 

Data, including age, sex, and smoking status, were 
obtained from FDRs and RA patients participating in 
this study through individual interviews at the time 
of enrollment. In addition, disease duration and age 
at diagnosis for RA patients were identified through 
reviews of medical records and individual interviews. 
Multicase families were defined by the presence of rel- 
atives treated for or diagnosed with RA among siblings 
or parents of enrolled RA patients. Multicase family 
positivity for an unaffected FDR means the existence 
of at least two RA patients among family members and 
blood relatives of the FDR. 

Serum RF, anti-CCP antibody, and anti-MCV 
antibody levels 

We measured the serum concentrations of RF, anti- 
CCP antibody, and anti-MCV antibody in RA patients 
and their FDRs. Blood samples were collected from 
veins and stored at -70°C prior to the measurement of 
serum titers of the target antibodies. RF serum titers 
were measured by immunoturbidometry using the 
Cobas Integra RFII assay (Roche Diagnostics GmbH, 
Mannheim, Germany). Normal RF values are < 10 
IU/mL. Anti-CCP antibody and anti-MCV antibody 
were assessed by enzyme-linked immunosorbent as- 
say (Diasta, Axis- Shield Diagnostics, Dundee, UK and 
ORGENTEC, Diagnostica GmbH, Maiz, Germany, 
respectively). Cut- off values for anti-CCP antibody and 
anti-MCV antibody were 5 and 20 U/mL, respectively. 

Statistics 

Data are expressed as the mean ± standard deviation 
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(SD) for continuous variables and as a frequency and 
percentage for categorical variables. Student's t test 
was used to compare the mean age between pairs of 
groups. Differences in proportions between pairs 
of groups were assessed by Fisher's exact test or the 
chi-squared test. Mean differences in RF, anti-CCP 
antibody, and anti-MCV antibody titers between RA 
patients and matched controls were assessed by analy- 
sis of covariance (ANCOVA), after adjustment for age 
(categorized as < 30, 30 to 39, 40 to 49, and > 50 years), 
sex, and smoking status (ever-smoker versus never- 
smoker). Relationships between RF, anti-CCP anti- 
body, and anti-MCV antibody titers in RA patients and 
unaffected FDRs were determined by Pearson's corre- 
lation analysis. Correlations between RA-related auto- 
antibodies were also assessed by Pearson's correlation 
analysis. Multivariate logistic regression analysis was 
used to identify predictors of RF, anti-CCP antibody, 



and anti-MCV antibody seropositivity among FDRs 
of RA patients. Odds ratios (ORs) and 95% confidence 
intervals (CIs) were calculated after adjustment for age 
and sex. Statistical significance was evaluated with a 
two-sided significance level of 0.05 (p > 0.05 and < 0.10 
were considered marginally significant). All statistical 
analyses were performed using IBM SPSS Statistics 
version 19.0 (IBM, Armonk, NY, USA). 

RESULTS 

Demographic and clinical characteristics are shown in 
Table 1. Age, sex, and smoking status differed signifi- 
cantly between the RA and FDR groups (p < 0.0001 for 
all parameters). Enrolled RA patients were all female, 
whereas 49 FDRs were male (24.3%). Of the FDRs, 45 
(22.3%) were members of multicase families. The mean 
disease duration of RA patients was 10.9 years (SD, 8.4). 



Table 1. Demographic and clinical characteristics of rheumatoid arthritis patients (n = 135) and unaffected first- degree relatives 
(n = 202) 



Characteristic 


RA 


FDR 


p value a 




Age, yr 


53.6 ± 10.7 


26.3 ± 11.1 


< 0.0001 




Sex 






< 0.0001 




Male 


0 (0.0) 


49 (24.3) 






Female 


135 (100.0) 


153 (757) 






Smoking b 






< 0.0001 




Ever-smoker 


1(0.8) 


19 (10.8) 






Never- smoker 


132 (99.3) 


157 (89.2) 






Multicase family 


Yes 




45 (22.3) 






No 




157 (777) 






Age at diagnosis, yr 


42.7 ± 12.9 








< 40 


55 (40.7) 








> 40 


80(59.3) 








Disease duration, yr 


10.9 ± 8.4 








< 10 


68(50.4) 








> 10 


67 (49.6) 









Values are presented as mean ± SD or number (%). 

RA, rheumatoid arthritis; FDR, first-degree relative. 

Calculated by Student's X test, Fisher's exact test, or chi-squared test. 

b Missing data were excluded from the analysis (for smoking, n = 28). 
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Compared with FDRs, RA patients showed significant- 
ly higher serum titers and frequencies of seropositiv- 
ity for RF, anti-CCP antibody, and anti-MCV antibody 
(p < o.oooi for all parameters) (Table 2). Among the 
FDRs, 14.4% and 13.4% were seropositive for RF and 
anti-MCV antibody, respectively, and the prevalence 
of anti-CCP antibody seropositivity (n = 10, 5.0%) was 
much lower than that of the other antibodies. 

The prevalence of each autoantibody in FDRs 
(n = 202) according to whether they were (n = 45) or 
were not (n = 157) in multicase families is illustrated in 
Fig. 1. The proportion of FDRs in multicase families 
who were positive for anti-CCP antibody (8/45, 17.8%) 
was significantly different from that of FDRs not in 
multicase families (2/157, i-3%; p < 0.0001). The differ- 
ences for RF (p = 0.09) and anti-MCV antibody (p = 0.32) 
seropositivity were not statistically significant. 

Pearson's correlation analysis revealed significant 
positive correlations between RF and anti-CCP an- 
tibody (correlation coefficient [r] = 0.366, p < 0.0001), 
between RF and anti-MCV antibody (r = 0.343, p < 
0.0001), and between anti-CCP antibody and anti- 
MCV antibody (r = 0.849, P < 0.0001) in the FDRs (Table 
3). Furthermore, these correlations were significant 
in FDRs in multicase families, but not in FDRs not in 
multicase families. The r for the relationship between 
anti-CCP antibody and anti-MCV antibody in the FDR 
group was higher than those for the relationships 
between RF and anti-CCP antibody and between RF 
and anti-MCV antibody. In RA patients, only anti-CCP 
antibody and anti-MCV antibody were significantly 
correlated (r = 0.750, p < 0.0001). 



The RF titer differed significantly according to age 
(p = 0.004) an d sex {p = 0.01) (Table 4). In addition, the 
prevalence of anti-CCP antibody seropositivity dif- 
fered significantly between the two age groups (< 20 
years vs. > 20 years, p = 0.03). There was a marginal dif- 
ference in RF titer between FDRs in multicase families 
versus those not in multicase families (p = 0.06). After 
adjustment for age and sex, logistic regression analy- 
sis of RF, anti-CCP antibody, and anti-MCV antibody 
seropositivity in FDRs (n = 202) in multicase families 
revealed that the presence of anti-CCP antibody, but 
not RF or anti-MCV antibody, was closely associated 
with being in a multicase RA family (OR, 49.8; 95% CI, 
5.6 to 441.6) (Table 5). 

DISCUSSION 

Familial clustering results increased incidence of RA 
in unaffected FDRs of RA patients and may provide 
clues to the mechanism of RA pathogenesis [8-10]. 
Some investigations have demonstrated a significantly 
higher prevalence of seropositivity for RA-related 
autoantibodies in unaffected FDRs, suggesting that 
aberrant RA-related autoimmunity is relevant to the 
development of RA [11,15-17]. 

There are no data for the Korean population regard- 
ing pre -clinical autoimmunity, including RA-related 
autoantibody seropositivity in FDRs of established RA 
patients prior to the development of RA. This study 
was initially designed to determine the prevalences 
of RA-related RF, anti-CCP antibody, and anti-MCV 
antibody, and to identify risk factors associated with 



Table 2. Comparison of serum titers and prevalence of RF (IU/mL), anti-CCP antibody (U/mL), and anti-MCV antibody (U/ 
mL) seropositivity between rheumatoid arthritis patients (n = 135) and first- degree relatives (n = 202) 



Factor 


Titer 




p value a 


Seropositivity 




RA 


FDR 


RA 


FDR 


p value 


RF 


193.4 ±42.7 


23.6 ±31.6 


< 0.0001 


132 (97.8) 


29 (14.4) 


< 0.0001 


Anti-CCP antibody 


159.5 ±31.0 


36.7 ± 22.5 


< 0.0001 


133(98.5) 


10 (5.0) 


< 0.0001 


Anti-MCV antibody 


285.1 ±37.0 


51.4 ±27.3 


< 0.0001 


128(94.8) 


27 (13.4) 


< 0.0001 



Values are presented as mean ± SD or number (%). 

RF, rheumatoid factor; CCP, cyclic citrullinated peptide; MCV, mutated citrullinated vimentin; RA, rheumatoid arthritis; FDR, 
first-degree relative. 

a Calculated by analysis of covariance, after adjustment for age, sex, and smoking status. 
Calculated by chi-squared test. 
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seropositivity in asymptomatic FDRs of RA patients. 
Among FDRs, 14.4% were seropositive for RF; 5.0%, for 
anti-CCP antibody; and 13.4%, for anti-MCV antibody. 
In addition, anti-CCP antibody was detected more fre- 
quently in unaffected FDRs in multicase families than 
in those not in multicase families, although a definite 
link between familial genetic and environmental 



aba 




RF Anti-CCP Anti-MCV 



Family history (+) (n = 45) 
I Family history (-) (n = 157) 

Figure 1. Percentage of first-degree relatives (FDRs) who 
were seropositive for each autoantibody according to 
whether they were in multicase families. The frequency of 
seropositivity for anti-cyclic citrullinated peptide (CCP) 
antibody was higher in FDRs in multicase families (8/45, 
17.8%) compared with FDRs not in multicase families (2/157, 
1.3%) (p < 0.0001). There was no statistically significant 
difference in the frequency of seropositivity for rheumatoid 
factor (RF) (p = 0.09) or anti-mutated citrullinated vimentin 
(MCV) antibody (p = 0.32) between the two groups. a p > 0.05, 
h p < 0.0001. 



backgrounds remains to be elucidated. 

RF and anti-CCP antibody were detected in 14.7% 
(42) and 1.3% (3) of 286 healthy Korean controls [21]. In 
a literature review, Vossenaar and van Venrooij [22] 
reported 0% anti-CCP antibody seropositivity and 11% 
RF positivity in healthy controls. The prevalence of 
anti-CCP antibody seropositivity in unaffected FDRs 
of RA patients in our study is higher than those re- 
ported for unrelated healthy controls in two previous 
studies [21,22]. The higher frequency of anti-CCP anti- 
body seropositivity in our FDRs is also consistent with 
data from a recent family study [17]. The prevalence of 
RF seropositivity in our FDR subjects does not differ 
from that in the healthy controls in two previous stud- 
ies [21,22]. In a family study of unaffected members of 
multicase families in northern Sweden, Arlestig et al. 
[17] reported significantly higher prevalences and se- 
rum titers of both RF and anti-CCP antibody in FDRs 
and RA patients compared with unrelated healthy 
controls. In the present study, the frequencies and 
serum titers of RF and anti-CCP antibody differed sig- 
nificantly between RA patients and their FDRs. Earlier 
and higher expression of RA-related antibodies, espe- 
cially anti-CCP antibody, may be related to increased 
risk for RA in the unaffected FDRs of RA patients. 

Vimentin, an abundant intermediate filament pro- 
tein, was first described as the Sa antigen when it 
was detected on immunoblots of placenta and spleen 
extracts; it is known to play a role in supporting cyto- 
skeleton structures and cell migration/proliferation 
[23]. Vimentin is highly expressed in mesenchymal 
cells, macrophages, and fibroblast-like synoviocytes 
[24]. The anti-MCV antibody assay has better diagnos- 



Table 3. Correlations between RF, anti-CCP antibody, and anti-MCV antibody titers 



Group 


Number 


RF/anti-CCP (r) 


p value a 


RF/anti-MCV(r) 


p value a 


Anti-CCP/ 
anti-MCV (r) 


p value a 


RA 


135 


0.095 


0.28 


0.023 


0.79 


0.750 


< 0.0001 


FDR 


202 


0.366 


< 0.0001 


0.343 


< 0.0001 


0.849 


< 0.0001 


Multicase family (-) 


157 


0.115 


0.15 


0.022 


0.79 


0.119 


0.14 


Multicase family (+) 


45 


0.426 


0.004 


0.399 


0.007 


0.851 


< 0.0001 



RF, rheumatoid factor; CCP, cyclic citrullinated peptide; MCV, mutated citrullinated vimentin; r, Pearson's correlation 
coefficient; RA, rheumatoid arthritis; FDR, first-degree relative. 
a Calculated by Pearson's correlation analysis. 
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Table 4. Comparison of RF (IU/mL), anti-CCP antibody (U/mL), and anti-MCV antibody (U/mL) titers in first-degree relatives 



(n = 202) according to demographic and clinical characteristics 


Characteristic 


Number 




Titer 






RF 


Anti-CCP 


Anti-MCV 


Age, yr 


< 20 


63 


2.3 ±4.4 


0.6 ± 0.3 


14.0 ± 14.9 


> 20 


139 


10.9 ±34.2 


11.3 ± 68.7 


31.2 ± 105.8 


p value a 




0.004 


0.07 


0.07 


Sex 


Male 


49 


2.6 ± 8.9 


2.2 ± 11.2 


18.1 ±34.6 


Female 


153 


10.1 ±32.6 


9.8 ±65.3 


28.2 ± 99.3 


p value a 




0.01 


0.17 


0.29 


Smoking b 


Ever- smoker 


19 


6.7 ± 17.5 


4.7 ± 17.9 


30.4 ±53.6 


Never- smoker 


157 


7.4 ± 26.2 


8.2 ± 62.5 


22.4 ± 80.5 


p value a 




0.88 


0.59 


0.68 


Multicase family 


Yes 


45 


19.3 ± 47.4 


32.8 ± 118.7 


65.1 ± 178.3 


No 


157 


5.2 ± 20.0 


0.9 ± 1.7 


14.1 ± 15.7 


p value a 




0.06 


0.08 


0.06 


Values are presented as mean ± SD. 










RF, rheumatoid factor; CCP, cyclic citrullinated peptide; MCV, mutated citrullinated vimentin. 




Calculated by Student's t test, Fisher's exact test, or chi-squared test. 






b Missing data were excluded from the analysis (for smoking, 


n = 26). 






Table 5. Logistic regression analysis of RF, anti-CCP antibody, and anti-MCV antibody seropositivity in first-degree relatives (n 


= 202) according to whether they were in a multicase family 3 








Factor 


Crude OR 


95% CI 


Adjusted OR 


95% CI 


RF 


Multicase family (-) 


1.00 


(reference) 


1.00 


(reference) 


Multicase family (+) 


2.08 


0.89-4.86 


2.12 


0.86-5.22 


Anti-CCP antibody 


Multicase family (-) 


1.00 


(reference) 


1.00 


(reference) 


Multicase family (+) 


16.8 


3.4-82.2 


49.8 


5.6-441.6 


Anti-MCV antibody 


Multicase family (-) 


1.00 


(reference) 


1.00 


(reference) 


Multicase family (+) 


1-57 


0.64-3.87 


1.47 


0.57-3.79 



RF, rheumatoid factor; CCP, cyclic citrullinated peptide; MCV, mutated citrullinated vimentin; OR, odds ratio; CI, confidence 
interval. 

a Logistic regression models were used to calculate ORs and 95% CIs for RF, anti-CCP antibody, and anti-MCV antibody 
seropositivity, after adjustment for age and sex. 
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tic sensitivity (82%) and comparable specificity (98%) 
compared with the anti-CCP2 antibody assay (72% 
and 96%, respectively) [25]. Recent clinical studies have 
revealed that the anti-MCV antibody assay also has 
higher diagnostic sensitivity [26] and can detect anti- 
MCV antibody sooner in early RA or synovitis patients 
[18,19]. Another study has suggested that anti-MCV 
antibody is comparable to anti-CCP antibody for the 
diagnosis of RA [27]. 

To date, there are not sufficient data regarding the 
presence of anti-MCV antibody in relatives of RA pa- 
tients. In the present study, the prevalences of anti- 
MCV antibody in RA patients and their unaffected 
FDRs were 94.8% and 13.4%, respectively. Nicaise Ro- 
land et al. [28] found 10% anti-MCV antibody seroposi- 
tivity in healthy controls, using a cut-off value of 20 U/ 
mL. Similar anti-MCV antibody prevalences have also 
been reported in non-RA rheumatic diseases, includ- 
ing psoriatic arthritis, Sjogren's syndrome, and an- 
kylosing spondylitis. However, the prevalence of anti- 
MCV antibody seropositivity in FDRs in our study 
(13.4%) is much higher than that in 50 Korean osteo- 
arthritis patients (4%, n = 2) [29]. In addition, another 
study of the diagnostic value of anti-MCV antibody 
in RA patients did not detect anti-MCV antibody in 
healthy blood donors [30]. Further studies are needed 
to clarify the potential clinical value of anti-MCV an- 
tibody in unaffected FDRs of RA patients. 

There is some evidence suggesting a close correla- 
tion among RA-related autoantibodies. Poulsom and 
Charles [30] found a moderate correlation between 
quantitative measurements of anti-MCV antibody and 
anti-CCP antibody (r = 0.6049). They identified cor- 
relations between anti-MCV antibody and both anti- 
CCP antibody (r = 0.596, p < 0.001) and IgM RF (r = 0.301, 
p = 0.038), but not between anti-CCP antibody and RF. 
The present study showed a significant correlation 
only between anti-CCP antibody and anti-MCV anti- 
body in RA patients. There was also a closer correla- 
tion between anti-CCP antibody and anti-MCV anti- 
body than between the other RA-related autoantibody 
pairs in FDRs, suggesting that citrullinated process- 
ing or increased production of citrullinated peptides 
may be a crucial determinant of RA pathogenesis. 

A primary objective of this study was to identify the 
clinical risk related to the presence of RA-related an- 



tibodies in unaffected FDRs of RA patients. FDRs in 
multicase families were more likely to be seropositive 
for anti-CCP antibody in the present study, and sev- 
eral studies have detected RA-related autoantibodies, 
including anti-CCP antibody, RF, and anti-MCV anti- 
body, in the preclinical phase of RA [12-14]. 

Our study has some limitations. First, the genetic 
markers responsible for 50% to 60% of the increased 
susceptibility to RA, including HLA-DR alleles, 
PTPN22, STAT4, and the 6q23 locus, were not assessed. 
These factors may explain the increased familial clus- 
tering within FDRs. Second, as this study was initially 
designed as a cross-sectional study, it provides insuf- 
ficient data for the incidence of RA development and 
serial changes in RA-related autoantibodies. A pro- 
spective family study is needed to assess the potential 
associations between RA development and autoanti- 
body seropositivity in unaffected FDRs. Third, all of 
the enrolled established RA patients were female, and 
75.7% of the enrolled FDRs were female. Environmen- 
tal factors such as coffee consumption and smoking 
are closely associated with increased susceptibility to 
RA [6,7] and are thought to play an essential role in the 
development of RA in subjects with increased genetic 
susceptibility to RA. A skewed distribution of these 
factors with respect to sex might have influenced our 
results. 

The detection of RA-related autoantibodies, includ- 
ing RF, anti-CCP antibody, and anti-MCV antibody, 
could enhance our understanding of familial cluster- 
ing in the development of RA, although some debate 
exists regarding the significance of the frequent detec- 
tion of these RA-related autoantibodies in FDRs. Our 
study suggests that anti-CCP antibody may be a sero- 
logical marker predicting the transition from an as- 
ymptomatic preclinical condition to clinical disease in 
FDRs. Further study is needed to clarify the relation- 
ship between serial changes in these biological mark- 
ers and the development of RA in unaffected FDRs. 
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KEY MESSAGE 

1. The pathogenesis of rheumatoid arthritis could 
be affected by genetic and environmental fac- 
tors. 

2. Anti- cyclic citrullinated peptide antibody might 
be a potent predictor for overt clinical disease in 
first-degree relatives of rheumatoid arthritis. 

3. The risk of rheumatoid factor and anti-mutated 
citrullinated vimentin antibody for first- degree 
relatives of rheumatoid arthritis should be de- 
termined in larger population. 
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